Abstract. Based on the fuzzy set theory, a method for diagnosing the variation of bearing vibration performance is proposed. Firstly, the indicators value of the signal data sample is calculated. Secondly, the fuzzy equivalence relation matrix is obtained by combining the fuzzy set theory knowledge. Thirdly, the variation of vibration performance is diagnosed according to the fuzzy equivalence relation coefficient. Finally, the feasibility and correctness of this method are verified by bearing vibration acceleration experimental data under four different damage diameters.
Introduction
To ensure safe operation, many systems as spacecraft, aircraft, high-speed trains and nuclear reactors, have a strict requirement for the performance of rolling bearings during service [1] . Performance degradation means that the bearing has been damaged. If it continues to worsen, the host will inevitably lead to functional failure, resulting in huge losses or even disaster [2] . To avoid the host failure, the diagnosis of bearing performance variation is of great significance to ensure the safe operation of the equipment [3] .
X.T. Xia put the gray self-help principle into the Poisson process and proposed the gray self-help Poisson method to predict the reliability of rolling bearing performance [4] . W.H. Li applied continuous hidden semi-Markov in the bearing performance assessment to obtain early warning of degradation [5] . F. Shen proposed a K-NN classification algorithm to improve bearing fault diagnosis [6] .
Poor information is also called lack of information, the research objects present incomplete information. Gray system theory, fuzzy set theory, chaos theory can be attributed to the poor information system theory [7] [8] [9] .
In the paper, in the case of unknown signal data distribution, the original signal data of the bearing vibration acceleration are grouped to obtain the samples, and then a mathematical analysis model of nonlinear bearing vibration performance variation diagnosis is proposed based on the knowledge of fuzzy set theory.
Experimental Process
The vibration acceleration data of four groups damage diameter of bearing inner ring obtained through experiment is shown in Figure 1 to Figure 4 The serial number of signal sequences X 1 to X 4 are assumed w 1 to w 4 . Taking w 1 = 1 to 400, w 2 = 1 to 400, w 3 = 1 to 400 and w 4 = 1 to 400 arranges in turn to form a new signal sequence
. Similarly, the signal sequences X 2 ′ to X 4 ′ can be formed. X 1 ′ to X 4 ′ are shown in Figure 5 to Figure 8 . For each of the signal sequences X 1 ′ to X 4 ′ are divided into four samples. Respectively, n = 4. Each sample contains four indicators. The standard deviation, the average membership, the distance and closeness degree of each sample are shown in Table 1 to Table 4 . To eliminate the influence of the random error, the average value is obtained as shown in Table 1 to  Table 4 . Its function is equivalent to fitting the signal sequences
The four indicators value of the X 5 ′ are shown in Table 5 . After the calculation, the fuzzy equivalence relation matrix can be obtained. 
The range of variation of u j is large. δ u =0.152. The relationship between u j and j is shown in Figure  9 . With the increase of j, the range of variation of u j is very large and there is a significant decrease trend. Therefore, the similarity changes between the four samples of X 5 ′ is very large. Through four time intervals running, bearing vibration performance has undergone significant systematic variation. On the other hand, the same conclusion can be obtained from the fuzzy equivalence matrix, which is minv il =0.373<0.5 l=1, 2,3,4, i=1,2,3,4 
Summary
In this paper, the vibration data of the simulated bearing through four time intervals running are calculated and analyzed. The result is consistent with the real situation, which verifies the correctness of this analysis method. This method is based on fuzzy set theory, which has no special requirements on the sample size and its probability distribution data. It can monitor the variation in real time. This is a useful complement to the theory of existing bearing performance variation diagnosis.
